Summary. Development of the prepubertal seminiferous tubules of the right testis was characterized morphometrically every 14 days from 10 to 122 days of age in intact boars (I) 
Introduction
Compensatory development of the remaining gonad after hemicastration occurs in the male rabbit, rat, ram, bull, boar and stallion (Lipschiitz, 1922; Land &Carr, 1975; Cunningham etai, 1978; Barnes étal., 1980a; Sundbyé>/a/., 1981; Ott et al., 1984; Putra& Blackshaw, 1985) . Neonatal hemicastration of bulls results in increased sperm production per testis (Barnes et al., 1980b) and that of rams in increased epididymal sperm reserves (Voglmayer & Mattner, 1968) , suggesting that neonatal hemi¬ castration may be used as a model for studying factors involved in prepubertal development of the seminiferous tubule and its relationship to spermatogenesis. Hemicastration ofboars at 10 days of age *Reprint requests to Professor B. G. Crabo. results in compensatory doubling ofthe mass of the remaining gonad which is completed in fewer than 28 days and coincides with elevations in plasma FSH and GH concentrations (Kosco et al., 1987) . The objective of this paper is to describe the morphology of prepubertal development of the seminiferous tubule and spermatogenesis after neonatal hemicastration in the same boars for which endocrine data have been presented previously (Kosco et al., 1987) .
Materials and Methods
Animals. Forty-eight crossbred (Landrace Duroc Yorkshire) boars, farrowed in January on a University of Minnesota farm, were randomly divided into two equal groups. One group was hemicastrated by removal of the left testis at 10 days of age (Group HC) , and the other group was left intact (Group I). This experiment was replicated with 48 crossbred (Duroc Yorkshire Hampshire) boars farrowed in June on another University of Minnesota farm. As previously reported (Kosco et al., 1987) , the boars farrowed in June exhibited delayed onset of the pubertal testicular growth phase in comparison to those farrowed in January. Therefore, in this study the two groups of boars were denoted as Trial 1 (farrowed in January) and Trial 2 (farrowed in June). The boars were kept and castrated as described previously (Kosco et al., 1987) .
Six boars from each treatment were at the time of hemicastration randomly assigned to have the right testis removed for histological examination every 14 days from 24 to 122 days of age. At the time of surgery, each boar was weighed and then administered 2-2 mg xylazine/kg intramuscularly followed by pentabarbitone sodium administered symptomatically via jugular venepuncture. Vascular fixation was performed using a bichambered perfusion pump containing Ringer's (0147 M-NaCl, 0004M-KC1 and 0003 M-CaCl2) and glutaraldehyde (4% glutaraldehyde in 0-2 M-i-collidine pH 7-3 at 22°C) solutions (Trump et al., 1961 ) over a cool flame of a Bunsen burner (Björkman, 1962) 
Results
Response of the parenchymal mass Growth of the body and testes in these boars has previously been reported (Kosco et al., 1987) . The relative mass of the parenchyma (Fig. la) Diameter of the seminiferous tubule was not affected by hemicastration. The diameter increased (P < 005) from 61 µ in 10-day-old boars to 74 µ in 80-day-old boars. From 80 to 122 days of age the increase in diameter was greater (P < 005) for Trial-1 than for Trial-2 boars (Fig. 2b) .
Total length of the seminiferous tubule (Fig. 2a) (Fig. 3a) , gonocy te cytoplasm and gonocyte nuclei (Fig. 3b) was similar for all groups of boars. The relative mass of gonocytes increased (P < 005) from 10 to 80 days of age and thereafter decreased (P < 0001 ) due to the transformation of gonocytes into spermatogonia. The relative mass of gonocyte cytoplasm doubled (P < 00001 ) from 10 to 80 days of age. The relative mass of gonocyte nuclei remained essentially unchanged from 10 to 80 days of age. (Figs 4, 5f ). The relative mass of spermatogenic cells was also greater (P < 001) for Trial-1 than Trial-2 boars within each treatment (Fig. 4) . At 122 days of age spermatogenesis had not begun in any of the Trial-2 Group-I boars, whereas Trial-1 Group-I boars had considerable numbers of spermatogonia and primary spermatocytes (Figs 6a, 6c) . In Trial-1 Group-HC boars there were considerable numbers of spermatogonia, primary spermatocytes and spermatids (round and elongated), whereas in Trial-2 Group-HC boars there were spermatogonia and primary spermatocytes but no spermatids (Figs 6b, 6d) 
Discussion
The seminiferous tubules comprise 20% of the parenchymal mass during the first week of life and increase to half of the parenchymal mass by 11 weeks of age. The increase is due to tubular elongation occurring in response to an increase in mitotic activity of Sertoli cells (Erickson et al., 1963; Tran étal., 1981) . From 11 to 17 weeks of age the portion of the parenchymal mass consisting of seminiferous tubules increases from 50% to 75% due to an increase in seminiferous tubule diameter in response to an increase in cytoplasmic volume of Sertoli cells and the onset of spermatogenesis (Swierstra, 1976; Straaten & Wensing, 1977) . Compensatory increases in parenchymal and seminal tubule masses occurring within 28 days of neonatal hemicastration of boars do not influence the percentage of the testis mass comprising parenchyma or the percentage of the parenchymal mass comprising seminiferous tubules, in agreement with observations by Putra & Blackshaw (1985) in boars hemicastrated at 1-5 months of age.
The technique used in the present investigation did not always allow differentiation between Sertoli cell nuclei and cytoplasm and so Sertoli nuclei mass was not determined. However, since seminiferous tubule diameter did not change, and proliferation of Sertoli cell numbers has been reported previously after hemicastration in boars and several other species (Jenkins & Waites, 1983; Waites et al., 1983; Orth et al., 1984; Hochereau de Reviers et ai, 1984; Putra & Blackshaw, 1985) , the compensatory increase in mass of Sertoli cells observed here is probably due to proli¬ feration of Sertoli cell numbers.
The compensatory development of Sertoli cells observed in Group-HC boars coincides with elevation in plasma growth hormone (GH) and follicle-stimulating hormone (FSH) concentrations (Kosco et ai, 1987) . Immature Sertoli cells of several species show increased mitotic activity in response to FSH (Courot, 1967; Steinberger & Steinberger, 1977; Fritz, 1978; Chevalier, 1979; Means et ai, 1980) and may be involved in compensatory Sertoli cell proliferation in neonatally hemicastrated rams and rats (Waites et ai, 1983; Orth et al., 1984) . FSH in Group-HC boars was elevated above values for intact animals only during the last 14 days of compensatory Sertoli cell proliferation, whereas plasma GH concentration in Group-HC boars was elevated during the entire period of compensatory proliferation of Sertoli cells (Kosco et ai, 1987 Staining 1 % toluidine blue; 400. (Colenbrander et ai, 1978; Herrera et al., 1983; Kosco et al., 1987) . Compensatory testicular growth and proliferation of Sertoli cells in neonatally hemicastrated bulls and rams, respectively, is delayed until there is a significant elevation in plasma testosterone concentration (Boockfor et (Barnes et al, 1980b; Boockfor et al, 1983; Jenkins & Waites et al, 1983; Waites et al, 1983; Kosco et al, 1987) indicates that intratesticular testosterone production is greater in Group-HC than in Group-I boars (Lindner & Rowson, 1961; Moger et al, 1985) . Compensatory increase in testicular weight, seminiferous tubule length and Sertoli cell numbers was drastically reduced in boars hemicastrated at 3-5 months of age in comparison to those hemicastrated at 1 or 2 months (Putra & Blackshaw, 1985) . Hormone profiles were not determined in the study of Putra & Blackshaw (1985) but it may well be that hemicastration in 2-month-old boars was performed when testosterone secretion was at its lowest level. The 3-month-old and older boars appear to (Kosco et al, 1987) as well as length and diameter of the seminiferous tubule were the same for both trials, and since plasma testoster¬ one concentration was greater in Trial-1 than in Trial-2 boars (Kosco et al, 1987) , the seminiferous tubule in Trial-1 boars was in all probability exposed to a higher intratesticular steroid concen¬ tration per unit of surface area during this time than was that in Trial-2 boars. Although plasma testosterone concentrations were similar for Group-HC and Group-I boars (Kosco et al, 1987) , hemicastrated individuals have greater steroid production per testis than do intact individuals (Lindner & Rowson, 1961; Moger et al, 1985) . Since doubling of the length of the seminiferous tubule in Group-HC boars was not complete until 38 days of age, the tubule from 10 to 38 days of age in these boars may have been exposed to greater intratesticular steroid concentrations per unit than was the tubule in Group-I boars. Higher intratesticular steroid concentrations per unit of seminiferous tubule are therefore associated with earlier onset of spermatogenesis in boars in Trial 1 and Group HC.
In the bull earlier onset of spermatogenesis after neonatal hemicastration is preceded by acceler¬ ated transformation of mesenchymal cells into testosterone-secreting Leydig cells, probably facili¬ tated by elevated FSH and/or GH secretion (Al-Haboby et al, 1988) . In the present study these pituitary hormones were elevated in Group-HC boars but not in the Trial-2 boars. Although elevated testosterone is the apparent common denominator for Trial-1 boars and Group-HC boars (Kosco et al, 1987) exhibiting earlier onset of spermatogenesis, the underlying mechanism may involve one or more of the presumably paracrine intratesticular, regulatory factors (Tähkä, 1986; Papadopoulos et al, 1987) .
The difference between trials in mass of Sertoli and spermatogenic cells of Group-HC boars coincides with the difference observed in plasma prolactin concentration noted previously for these same boars (Kosco et al, 1987) . However, plasma concentrations of prolactin were related to the onset of spermatogenesis rather than as a result of hemicastration. The mechanism by which prolactin influences early pubertal Sertoli cell function and spermatogenesis, although unclear, appears to be by indirectly influencing the receptiveness of Leydig cells to LH stimulation and androgen secretion (Bohnet & Friesen, 1976; Zipf et al, 1978; Stoud et al, 1985) . 
